REMARKS 



Applicants respectfully request reconsideration of this application in view of the above 

amendment and the following remarks. 

Applicants have amended Claims 1, 10, 76, 85. and 139. Applicants have cancelled 
Claims 9, and 84. 

Claims 1 and 76, have been amended to include a limitation of a growth hormone 
releasing hormone and protein analog thereof, and the female mammal being a farm mammal . 
Support for this amendment can be found in the specification paragraphs [0017], [0019] - 
[0023]. 

Pending in the application are Claims 1, 5, 6, 7, 8, 10, 12-13, 76, 81, 82, 83, 84, 87-88, 
and 137-139. 

L Examiner's Interview of April 20, 2006: 

Applicants and the undersigned wish to thank Drs. Joanne Hama and Ram Shukla for the 
courtesy of granting an in-person interview at the Patent and Trademark Office on April 20, 
2006. The interview was attended by Drs. Joanne Hama; Ram Shukla; Ruxandra Draghia-Akli; 
Craig Conrad; and the undersigned. The interview was very informative and helpful for the 
Applicants and the undersigned to amend the claims as given below. As suggested by Dr. 
Shukla, applicants have submitted a Declaration under 37 C.F.R. §1.132, prepared by one of the 
named inventors, Ruxandra Draghia-Akli, to address certain issues discussed during the 
interview. 

77. Information Disclosure Statement: 

Applicants acknowledge that the Examiner has considered the IDS submitted on 
November 14, 2005. 



4240360v.7 
4240360v.7 



16 



777. Rejections Under 35 U.S.C. SI 12 First Paragraph. 

(A) The Examiner has maintained the rejections of Claims 1, 5-10, 12, 13, 76, 80-85, 
137, and 138 under 35 U.S.C. §112 First Paragraph. The Examiner is of opinion that the 
specification does not reasonably provide enablement for enhancing growth in an offspring from 
ANY female mammal using a vector expressing any GHRH or any analog thereof during 
gestation. The Examiner is of the opinion that the amendment filed on November 14, 2005 was 
partially persuasive regarding the scope of route of vector administration by electroporation. 

During the interview of April 20, 2006, the Examiner raised the issue that ghrelin may 
fall under the broad definition of a growth hormone related hormone or analog thereof. The 
Examiner also expressed concerns that certain bio-molecules, lipids, or other compositions may 
be construed as a growth hormone related hormone or analog thereof. 

Paragraph [0052] of the specification defines: 

[0052] The term "growth hormone releasing hormone analog" as used 
herein is defined as a protein which contains amino acid mutations and/or 
deletions in the naturally occurring form of the amino acid sequence (with no 
synthetic dextro or cyclic amino acids), but not naturally occurring in the GHRH 
molecule, yet still retains its function to enhance synthesis and secretion of 
growth hormone . (Emphasis Added) 

Applicants submit that one of ordinary skill in the art would have known that "ghrelin" 
enhances secretion of a growth hormone, but does NOT enhance its synthesis. As such, ghrelin 
is not a growth hormone releasing hormone analog, as defined in paragraph [0052]. See also the 
discussion in paragraphs [0171] and [0072] of the specification. 

Applicants submit that the Anderson (Anderson et al., 2004 Exp. Biol., Med 229:291- 
302), which was cited by the Examiner, clearly distinguishes this difference between GHRH and 
ghrelin on page 292 paragraph (a) Growth Hormone Releasing Factor (GHRH); and paragraph 
(c) Ghrelin. 
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Additionally, as suggested by the Examiner, Applicants have amended independent 
Claims 1 and 76 to read in parts: 

"a growth hormone releasing hormone or protein analog thereof, " 

Thus, Applicants respectfully submit that the above amendments render moot the 
Examiner's rejections. 

(B) The Examiner has maintained the opinion that the claims broadly encompass any 
female animal, while the specification teaches the effects of GHRH and HV-GHRH only on pigs 
and rats. Furthermore, the Examiner cited Hammer et al., 1986, which shows not all mammals 
"predictably" respond to expression of heterologous proteins. 

During the interview of April 20, 2006, Applicants presented evidence that other species 
of farm mammals could be used, Thus, the Examiner suggested that all information presented at 
the interview be entered into the record in the form a an affidavit. The Examiner also suggested 
that the independent claims be limited to farm animals. 

In response, Applicants have amended the claims to be limited to farm animals. 
Additionally, Applicants have submitted a Declaration under 37 C.F.R. §1.132 to show no undue 
experimentation would be involved. 

Applicants submit that the Examiner's point of the Hammer et al. reference is well taken. 
However, it is NOT applicable to the current invention. Hammer et al. utilize animals with an 
altered genome, and Applicants invention pertains to a farm animal that is NOT genetically 
modified. 

Applicants' invention introduces a plasmid expression vector into some of the muscle 
cells of a farm animal (See Amended Claim 1) using electroporation. Unlike in the classic gene 
therapy approaches, the vector of current invention does not need to be expressed in all cells of 
the mammal to elicit the claimed response. All that are needed are a few excreting cells to 
supply the necessary GHRH signal. 



4240360v.7 
4240360v.7 



18 



Applicants submit that the examples in the specification show that the claimed invention 
actually worked despite the markedly disparate placental structures of the two species (namely, 
pig and rat) in the examples. In pig, six membranes separate the fetal and the maternal 
circulations, whereas there are only three in the rat. This further confirms that this is a 
reproducible cross-species phenomenon contradicting Hammer's transgenic animal studies. It is 
interesting to note that numerous parties have used the invention described in the application and 
found the results to be reproducible for: (1) large animals (pigs) maintained in completely 
different conditions (farm conditions rather than laboratory conditions); and (2) other animal 
species (beef cattle and dairy cattle) maintained in farm conditions. Some of the findings were 
described in Brown et al. 5 "Immune Enhancing Effects of Growth Hormone Releasing Hormone 
Delivered by Plasmid Injection and Electroporation," Molecular Therapy Vol. 10(4) p 644-651, 
(2004), a copy of which is attached as Exhibit A. 

In light of the amendment and argument above, Applicants respectfully submit that 
Examiner's rejection is now moot. 

IV. Rejections Under 35 U.S.C. $112 Second Paragraph. 

Claim 139 uses redundant phrases and appears to be missing an element (i.e. a eukaryotic 
promoter), which is needed to drive transcription. 

In response, Applicants have amended Claim 139 as suggested by the Examiner. 

V. Conclusions 

Applicants respectfully submit that, in light of the foregoing amendments and argument, 
Claims 1, 5-10, 12-13, 76, 80-85, 87-88, and 137-139 are in condition for allowance. A Notice 
of Allowance is therefore requested. 
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If the Examiner has any other matters which pertain to this Application, the Examiner is 
encouraged to contact the undersigned to resolve these matters by Examiner's Amendment 
where possible. 



Respectfully submitted, 

T. Ling Chwang 
Registration No. 33,590 
Jackson Walker L.L.P. 
901 Main Street, Suite 6000 
Dallas, Texas 75202 
Tel: (214) 953-5959 
Fax: (214) 661-6870 



Date 
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Exhibit A - For Amendment 1.1 16 

ISJj _ ; doi:1 0.1 01 6/i.ymthe.2004.06.1 01 5 

Immune-Enhancing Effects of Growth 
Hormone-Releasing Hormone Delivered by 
Plasmid Injection and Electroporation 

Patricia A. Brown, 1 William C Davis, 2 and Ruxandra Draghia-Akli 1 '* 

'ADVtSYS, Inc., 2700 Research Forest Drive, Suite 180, The Woodlands, TX 77381, USA 
department of Veterinary Microbiology and Pathology, CVM, Washington State University, Pullman, WA 99164-7040, USA 

*To whom correspondence and reprint requests should be addressed. Fax: (281) 296 7333. E-mail: ntxandradraghia@advisys.net. 

Available online 6 August 2004 

Growth hormone-releasing hormone (GHRH) is a hypothalamic hormone with both direct and 
indirect functions in the maintenance of immune status under physiological and pathological 
conditions. In this study, 52 Holstein heifers were evaluated for the effects of a plasmid-mediated 
GHRH treatment on their immune function and on the morbidity and mortality of treated animals. 
In the third trimester of pregnancy, 32 heifers received 2.5 mg of a myogenic GHRH-expressing 
plasmid by intramuscular injection followed by electroporation, while 20 heifers were used as 
controls. No adverse effects were associated with either the plasmid delivery or GHRH expression. At 
18 days after plasmid administration, GHRH-treated animals had increased numbers of CD2 + a(S T- 
cells (P < 0.004), CD25 + CD4 + cells (P < 0.0007), and CD4+CD45R+ cells (P < 0.016) compared to 
controls. These increases were maintained long term after treatment and correlated with plasmid 
expression. At 300 days post-GHRH therapy, CD45R + /CD45R0~ naive lymphocytes were significantly 
increased in frequency (P < 0.05). Natural killer lymphocytes (CD3~CD2 + ) were also increased. As a 
consequence of improved health status, body condition scores of treated animals improved (3.55 vs. 
3.35, P < 0.0001). Hoof pathology was also reduced with treatment. The mortality of heifers was 
decreased (3% vs. 20% in controls, P < 0.003). Collectively, these results indicate that the myogenic 
GHRH plasmid can be successfully electrotransferred into a 500-kg mammal and expressed for 
prolonged periods of time, ensuring physiological levels of GHRH. The plasmid injection followed by 
electroporation could prove an efficient method for the systemic production of therapeutic proteins 
and may provide a useful means for basic research in relevant animal models. 

Key Words: electroporation, GHRH, GH, IGF-I, immunity, plasmid 



INTRODUCTION 

Traditionally, plasmid-mediated gene transfer technol- 
ogy has been limited in scope because expression levels 
following naked DNA transfer have been low, only a 
fraction of that achieved after viral-mediated gene trans- 
fer Furthermore, for large mammals the doses of 
plasmid needed to achieve sufficient levels of circulating 
proteins, other than for vaccination purposes, are some- 
times unrealistic as a common therapy or for basic 
research purposes. Conversely, results obtained in 
rodents are not always translated successfully to larger 
mammals or humans [2]. Physiologically relevant levels 
of plasmid DNA transfer and transgene expression can be 
accomplished by utilizing the electroporation technique 
[3-5]. Electroporation has proven useful in vivo in 
patients on whom drug delivery to malignant tumors 



has been performed [6]. Many recent studies of plasmid 
delivery enhanced with electroporation have used skele- 
tal muscle cells as an ideal target for direct plasmid 
transfer [7,8] and have shown that the injected muscle 
can be used as a bioreactor for the persistent production 
and secretion of proteins at physiological levels into the 
bloodstream. 

Our previous studies showed that delivery of a plasmid 
that expresses growth hormone-releasing hormone 
(GHRH) by intramuscular injection followed by electro- 
poration is scalable and represents a promising approach 
for long-term stable production of secreted proteins in 
pigs and dogs [9,10]. 

Two hypothalamic hormones, GHRH and somatosta- 
tin, regulate the secretion of growth hormone (GH); 
GHRH stimulates GH release from the pituitary, and 
somatostatin inhibits its release, resulting in the pulsa- 
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tile release of GH into the circulation. Studies in 
different animal models and humans have shown that 
GHRH has many physiological roles. Among these is a 
stimulatory effect on immunity, both through stimula- 
tion of the GH/insulin-like growth factor-I (IGF-I) axis 
and directly as an immune modulator [11,12]. Some 
experiments have suggested that GHRH can also mod- 
ulate immune functions through brain mechanisms 
that are also involved in the regulation of sleep [1.3] . 

Although the cumulative observations clearly show 
that significant progress has been made in establishing a 
role for GHRH in development and regulation of the 
immune system, detail is still lacking on how GHRH 
mediates those effects. Until now, there has been no 
dynamic large animal model in which the biological 
effects of GHRH could be monitored over periods of time 
sufficient to measure changes in immune function and 
general improvement in health. 

We propose that our model of delivering the hormone 
by plasmid injection followed by electroporation can be 
extended to the study of the underlying immune changes 
that may occur with GHRH administration. Moreover, 
the direct effects of GHRH plasmid administration on 
morbidity and mortality rates in the treated herds can be 
investigated. An additional advancement that has 
increased the potential of using large animals for GHRH 
studies has been the development of strong expression 
vectors that can be delivered at relatively low quantities 
(2.5 mg in animals with average weight of more than 500 
kg) into muscle cells. The present study was undertaken 
to demonstrate the potential of the plasmid-electropora- 
tion model and answer two questions: (1) Does a plasmid- 
mediated GHRH therapy produce long-term beneficial 
effects on the immune function in cattle? (2) Are these 
changes clinically relevant? The results of our study 
demonstrate that plasmid-mediated GHRH treatment 
stimulates an increase in T-cell and natural killer cells 
in peripheral blood that appears to be associated clin- 
ically with an improvement in immune function. The 
clinical consequences are reduced morbidity and mortal- 
ity and improved body condition scores in the treated 
heifers compared to controls. 

RESULTS 

Biochemistry and CBC Values 

At 300 days posttreatment, the total white blood cell 
counts were similar between groups. Nevertheless, the 
percentage of circulating lymphocytes was increased in 
GHRH-treated animals (47.4 ± 3.3% vs. controls, 37.8 ± 
5.3%, P < 0.06). We also observed a physiological 
increase in hemoglobin (11.55 ± 0.15 g/dl in GHRH- 
treated vs. 10.9 ± 0.15 g/dl in controls, P < 0.02) and 
red blood cells (7.65 ±0.1 million/ml vs. 7.3 ± 0.2 
million/ml, P < 0.07) at this time point. We found no 
differences between the groups in other CBC or serum 



TABLE 1: Glucose and insulin levels in GHRH-treated animals 
and controls 





GHRH-treated 


Control 


P value 


Glucose, mg/dl 








60 DIM 


43.9 ± 1.4 


41.8 ± 4.5 


0.67 


100 DIM 


72.2 ± 1.4 


69.3 ± 3.8 


0.5 


Insulin, nil/ml 








60 DIM 


11.6 ± 2.5 


9.4 ± 3.2 


0.59 


100 DIM 


7.8 ± 1.5 


7.4 ± 0.6 


0.8 



Glucose and insulin levels were measured at 60 and 100 DIM. Values are presented as 
means ± SEM. 



biochemistry panels at any time point tested. These 
were within the normal range of values for cattle. 
Glucose and insulin levels were not different between 
groups (Table 1). 

Immune Markers 

The total number of white blood cells, differentials, and 
flow cytometric (FC) profiles were similar between groups 
at day 0. At 18 days posttreatment, CD2 + values were 
increased in treated animals by 14%, but there was no 
change in controls compared to baseline values: 43.4 ± 
1.7% vs. 37.9 ± 1.4%, P < 0.004, in GHRH-treated cattle 
and 37.3 ± 2.1% vs. 38.8 ± 1.8% in controls (Fig. 1A). The 
CD4 + /CD8 + ratio increased in treated animals (day 18- 
day 0 = 8 ± 0.6%, P < 0.04), mostly due to an increase in 
CD4 + cells (29. 1 ± 0.7% at day 18 vs. 24.5 ± 0.8% at day 0). 
During the same period CD4 + CD45R + naive lymphocytes 
increased by 53% with the GHRH treatment: day 18, 1 1 . 1 ± 
0.4% vs. day 0, 7.4 ± 0.4% in GHRH-treated animals, P < 
0.016, and day 18, 8 ± 0.7% vs. day 0, 7.2 ± 0.8% in control 
animals (Fig. IB). CD25 + CD4 + cells were also significantly 
increased with treatment: day 18, 4.3 ± 0.3% vs. day 0, 1 ± 
0.1 in GHRH-treated animals, P < 0.001, and day 18, 3.8 ± 
0.2% vs. day 0, 1.7 ± 0.2 in controls. 

At 300 days posttreatment, when a more comprehen- 
sive panel was performed, we found that CD45RV 
CD45R0" naive lymphocytes were significantly more 
numerous in treated animals (0.98 ± 0.08) than in 
controls (0.91 ± 0.08), P < 0.05 (Fig, 1C). CD2 + CD3 + 76" 
cells were more numerous with treatment: 68.5 ± 1.4% of 
all CD2 + cells vs. 60 ± 5.6% in controls, P < 0.02. 

Mortality in Treated Animals 

The mortality of the heifers (involuntary cull rate) was 
different between GHRH-treated animals and controls. 
During the 360-day study, none of the treated heifers 
died, while 20% of control heifers had to be culled (P < 
0.003). The causes of death were the following: one 
Johne's disease, one systemic infection from hoof 
conditions and an infected cut, one animal with severe 
hoof problems complicated by rear leg paralysis, and 
one severe mastitis case. One treated animal was culled 
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FIG. 1. Percentage of (A) CD2 + cells and (B) CD4+CD45R* naive T-cells at 
days 0 and 18 after treatment and of (C) the ratio of CD45R7CD45R" naive 
T-cells at 300 days posttreatment. Values are presented as means ± SEM, 
*P< 0.001. 



due to an accident. The overall involuntary cull rate 
prior to 120 days in milk production (DIM) was 
decreased by 40% with the treatment. 

Body Weights and Body Condition Score 
Body condition scores (BCS) of heifers differed between 
groups at the time of stress and negative energy balance, 
at 60 to 80 DIM. Heifers treated with pSP-HV-GHRH 
showed an improvement (P < 0.0001, Fig. 2) in BCS 
between 60 and 80 DIM. During the first 100 DIM, 
treated animals lost an average of 3.5 kg (0.06% of total 
body weight) (P < 0.02, Table 2) while control cows lost 
on average of 26.4 kg (4.6% of body weight at 60 DIM). 
The better BCS correlated with an increase in the serum 
IGF-I levels: day 100-day 60 = 22.4 ± 4 ng/ml for 
GHRH-treated heifers (119.7 ± 6.9 ng/ml at day 100 vs. 
97.3 ± 6.6 ng/ml at day 60) vs. 8 ± 7.4 ng/ml for 
controls (99.8 ± 3.9 ng/ml at day 100 vs. 91.8 ± 6.8 ng/ 
ml at day 60) (P < 0.04). 
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FIC. 2. Body condition scores in heifers treated with pSP-HV-GHRH versus 
controls at 60 to 80 DIM. Body condition scores differed between treatment 
groups, P < 0.0001 . 



Morbidity 

The herd had significant hoof pathology at the beginning 
of the study prior to plasmid administration. Foot prob- 
lems, most probably of bacterial origin [14], were also one 
of the principal causes of morbidity in these animals 
throughout the study. The proportion of animals that had 
worsening foot problems throughout the course of the 
study was 40% higher for controls compared to the 
treated animals: 7 of 32 GHRH-treated animals versus 7 
of 20 controls. The overall hoof score improvement did 
not reach statistical significance (P < 0.4) due to high 
interanimal variability in the control group. 

DISCUSSION 

Recently, significant progress has been made to 
enhance plasmid delivery in vivo and subsequently to 
achieve physiological levels of a secreted protein. Intra- 
muscular injection of plasmid followed by electropora- 
tion has been used successfully in ruminants for 

TABLE 2: Weight of heifers 60 days precalving (DPC) and 
100 and 1 35 DIM, weight difference between these time 
points, and percentage difference compared to baseline 
weight 





GHRH-treated 


Control 


P value 


Weight (kg) 
60 DPC (A) 
100 DIM (B) 
135 DIM (C) 


540 ± 28.1 
536.4 ± 32.9 
544.9 ± 33.1 


543 ± 42.7 
514.2 ± 48 
533.5 ± 44.8 


0.38 
0.04 

0.17 


Difference (kg) 
A-B 
A-C 


-3.5 
4 


-26.4 
-9.1 


0.02 
0.1 


Difference (%) 
A-B/A 
A-C/A 


-0.5% 
0.1% 


-4.6% 
-1.4% 


0.02 

0.1 



Values are presented as means ± SEM. P value for each specific comparison between 
treatments is given. 
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vaccination purposes [15,16]. We have demonstrated 
previously in mice, rats, pigs, and dogs that GHRH can 
be efficiently produced by muscle cells and released 
into the circulation using this technology. Here, we 
apply this method to a cattle model to study the 
immune-enhancing effects of GHRH, and we show that 
the plasmid injection/electroporation is scalable and 
provides the framework for potential human applica- 
tions of this technology [17]. Furthermore, we have 
followed expression for more than 300 days after a 
single administration of GHRH plasmid, demonstrating 
the long-term applicability of this treatment system. 

Stimulation of the GH axis has been shown to have a 
variety of positive immunostimulatory effects [18]. A 
substantial body of research exists that supports the 
production of GHRH, GH, and IGF-I by cells of the 
immune system [19], suggesting that immune function 
might be regulated by both autocrine and paracrine 
mechanisms. It has also been suggested that the increased 
morbidity in the elderly may be causally related to two 
changes that occur with aging, decreased GH/IGF-I 
production and decreased immune function [20]. 

Studies have shown that administration of GHRH or 
its analogs in the elderly resulted in profound immu- 
noenhancing effects, both short- and long-term after 
therapy, with increased numbers of lymphocytes, mono- 
cytes, B-cells and cells expressing T-cell receptor ap, and 
T-cell receptor 76 [21]. 

GH secretagogues have been shown to inhibit the 
initiation of tumors in aged mice [22] in parallel with 
increased thymic cellularity. Debilitated dogs with 
cancer that received plasmid-mediated GHRH had 
improved immune parameters and red blood cell pro- 
duction [23]; the improved quality of life of the dogs 
was maintained for at least 1 year after a single plasmid 
administration [24]. Furthermore, overexpression of 
heterologous or homologous GH in transgenic mice 
led to significant stimulation of some parameters of 
immune function, such as increases in the absolute 
weight of the thymus and the spleen and in the 
mitogenic responses of splenocytes to concanavalin A, 
lipopolysaccharide, and phytohemagglutinin [12]. 

IGF-I modulates immune function and has two major 
effects on B-cell development, with potentiation and 
maturation, and acts as a cofactor for B-cell proliferation. 
The recombinant protein increases the number of pre-B- 
and mature B-cells in bone marrow [25] . The mature B- 
cell remains sensitive to IGF-I [26]. 

It has been generally assumed that plasmids that 
contain CpG motifs are potent agents for inducing 
inflammatory cytokines in vivo that, in turn, promote 
activation of transgene product-specific B- and T-cells 
[27]. The plasmid pSP-HV-GHRH contains a total of 183 
CpG sequences. Of these, 93 are part of a class shown to 
be nonimmunostimulatory or even to suppress the effects 
of immunostimulatory CpGs (so-called CpG-N motifs, 
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including CCG, CGG, and CGCG sequences as reviewed 
in [28]). The remaining 90 CpGs are consistent with 
immune-stimulatory sequences (CpG-S motifs). The spe- 
cific effect, if any, of these CpG motifs on the biological 
activity of plasmid is unknown and will require further 
investigation. While control animals did not receive 
empty plasmid, it is unlikely that the described immune 
stimulation may have been nonspecific and mediated 
through the CpG motifs present in the plasmid back- 
bone, considering the long-term hormonal and body 
composition changes in the GHRH-treated animals. 

This study demonstrated a correlation between the 
improved health status of GHRH-treated heifers and 
changes in the composition of peripheral blood mono- 
nuclear cells (PBMC) over the time investigated. Differ- 
ences were noted in the frequency of CD2 + T-cells, the 
CD47CD8 + ratio, and the frequency of CD45R + naive T- 
cells. The clinical consequences of enhanced immune 
function were reduced morbidity and mortality in 
GHRH-treated cows. Further studies are needed to deter- 
mine if improvement in immune function is the result of 
direct interaction of GH or IGF-I with T-cells (mediated 
through GHRH) or the result of indirect effects resulting 
from an interaction with monocytes and antigen-pre- 
senting cells [29]. GH appears to affect cell function by 
promoting the survival of progenitor cells in the thymus 
and also T-cell function in peripheral lymphoid tissue. 
GH and IGF-I have been reported to increase T-cell 
function in vitro. Data are limited, especially in large 
animals such as cattle. Our finding of an increase in CD2 + 
T-cells, possibly associated with the increase in naive T- 
cells, is consistent with an effect on the thymus and an 
increase in output of naive CD4 + (CD45R + ) T-cells. It is 
known that T-cell activation depends in part on the 
number of T cell receptors (TCR), which is further 
dependent on small co-stimulatory molecules, such as 
CD2. CD2 can significantly reduce the threshold of 
triggered TCRs required for cell proliferation and cyto- 
kine synthesis. As a consequence, CD2 stimulates T-cell 
activation in the absence of direct engagement of 
antigen-specific TCR and increases expression of the 
TCR £ chain, resulting in enhanced CD3 receptor density 
[30], and cytokine production [31 J. Enhanced TCR and 
CD3 constitutive expression was reported to be a factor in 
innate immunity or autoimmunity [32]. Further studies 
are now needed to determine if the subtle changes shown 
in our study are associated with changes in the capacity 
of naive T-cells to respond to pathogenic organisms. The 
potential that needs to be explored is whether these types 
of effects could also influence maturation of the immune 
system in the fetus and result in enhanced survival as 
noted in these studies. 

Methods that could decrease the rate of animal loss 
under farm conditions, improve BCS, and reduce path- 
ology in the herd are highly desirable. A current 
approach used to increase herd productivity is admin- 
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istration of bovine somatotrophin (bST). However, bST 
administration to cows does not affect the animal's 
body weight, BCS, and energy balance at conception 
and during pregnancy [33,34] and may have detrimental 
effects in some cases. Some undesirable side effects of 
GH protein therapies may be due to the fact that 
treatment with recombinant exogenous GH protein 
delivers only one GH isoform, abolishing the natural 
episodic pulses of GH, and inducing supraphysiological 
levels of GH. By contrast, no side effects have been 
reported for recombinant GHRH therapies. We con- 
firmed this finding long term with glucose and insulin 
levels, which can be abnormal during GH therapies, but 
were normal throughout this study. 

Although recombinant GHRH protein therapy stimu- 
lates normal cyclical GH secretion with virtually no side 
effects, the short half-life of GHRH in vivo requires 
frequent administration [35,36], and the therapy is 
expensive and clinically impractical. A plasmid-mediated 
method could overcome this limitation to GHRH use. 
Because of the physiological feedback regulation of the 
GHRH-GH-IGF-I axis in normal mammals, a wide range 
of plasmid doses may be efficacious. 

In the present study, GHRH-treated dairy cattle had 
decreased morbidity and mortality rates. Culling (mortal- 
ity) is a major economic problem in the farm animal 
industry. There are many reasons for culling animals, 
separated into involuntary (persistent hoof problems, 
persistent mastitis, nonbreeders, disease, or death) and 
voluntary culling (breeding stock or lower producing 
animals). Due to the high percentage of involuntary 
culling, voluntary cull decisions revolving around rational 
economic parameters (e.g., maintenance of herd size) are 
typically held to a minimum. The average overall cull rate 
in North America is approximately 36% [37]. In our case, 
the cull rate was 20% for controls, while only 1 of the 32 
GHRH-treated animals was culled, due to an accident. 

The digital dermatitis lesions that constituted the ma- 
jor hoof pathology were attenuated by the GHRH treat- 
ment. Studies have shown that as much as 29% of dairy 
cattle and 4% of beef cattle have gross lesions of digital 
dermatitis and that spirochetes are involved in more than 
60% of the cases [38). The immune response to the spi- 
rochetes is of short duration [39], thus, to diminish the 
infection burden, a stable long-term therapy would be 
preferable. 

Previous work showed that changes in serum IGF-I 
postpartum may help predict both nutritional and 
reproductive status in dairy cattle [40]. Also, it has been 
shown that concentrations of IGF-I in serum are associ- 
ated with BCS [41]. This association was confirmed in our 
study, with IGF-I levels that were maintained in treated 
animals throughout stress periods and correlated to 
increased immune surveillance and body mass. 

Body condition scores and maintenance of body weight 
are indicators of adequate nutrition, breeding ability, and 



recognition of health status in dairy herds [42-44]. Body 
condition is a reflection of the body fat reserves carried by 
the animal [45,46]. These reserves can be used by the cow 
during early lactation, when the animals tend to be in a 
negative energy balance, with a loss of body condition and 
decrease in body weight [42,47]. In early lactation, body 
condition scores between 3.4 and 3.7 are considered in the 
optimum range. Minimized BCS loss translates to de- 
creased mobilization of body tissue, resulting in better 
health status and productivity. As shown in the present 
experiment, between 60 and 80 DIM, control animals 
showed a significant decrease in total body weight and 
BCS, while treated cows maintained their initial weight 
and BCS, which may explain their reduced morbidity and 
mortality. 

In this study, decreased morbidity and culling rates, 
increased BCS, and positive changes in the immune 
system have been achieved in a large animal with a single 
plasmid-mediated GHRH treatment. These clinical effects 



TABLE 3: Monoclonal antibodies used to specify peripheral 
blood mononuclear cells 



mAb 


lg isotype 


Specificity 


MUC2A [52] 


lgC2a 


CD2 expressed on a£ T-cells, 
a subset of 76 T-cells, and a 
CD2 + CD3" population of 
lymphocytes containing NK cells 


BAT76 [52] 


lgC2a 


CD2 as noted above 


MM1A [53] 


IgGI . 


CD 3 T-cell receptor expressed 
on ap and 76 T-cells 


ILA-11A [54] 


lgC2a 


CD4 expressed on T-helper/ 
inducer T-cells 


CACTI 38A [52] 


IgGI 


CD4 as noted above 


CACTI 87A a 


IgGI 


CD4 as noted above 


B29A [55] 


lgG2a 


CD5 expressed on a(i and 76 
T-cells and a subset of B-cells 


7C2B a 


lgG2a 


CD8a expressed on cytotoxic/ 
immunomodulatory T-cells 


CACT80C [52] 


IgGI 


CD8a as noted above 


BAT82A [52] 


IgGI 


CD8fi as noted above 


CACTI 16A [56] 


IgGI 


CD25 interleukin-2Ra expressed 
on activated T-cells 


CACTI! 4A [57] 


lgG2b 


CD26 dipeptidylpeptidase IV 
expressed on activated memory 
T-cells 1 


CS5A [58] 


IgGI 


CD45R expressed on B-cells, 
naive T-cells, and a subset of 
CD45R0 + memory T-cells 


GC44A1 [58] 


lgG3 


CD45R0 expressed on 
granulocytes, monocytes, 
memory T-cells, and 76 T-cells 


GB21A[59] 


lgG2b 


76 T-cells, 6-chain specific 


BAQ44A [60] 


IgM 


Expressed on B-cells 

(CD specificity not determined) 


DH59B [61] 


IgGI 


CD1 72a expressed on 
monocytes and granulocytes 



a Unpublished. 
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were maintained both short-term and long-term after 
treatment. 



Materials and Methods 

DNA constructs. The plasmid pSPc5-12 contains a 360-bp Sac\/BamH\ 
fragment of the SPc5-12 synthetic promoter [48 1 in the Sac\/BamH\ sites 
of a pSK-GHRH backbone. The synthetic GHRH cDNA, HV-GHRH, was 
obtained by site-directed mutagenesis of porcine GHRH cDNA (1-40)OH 
substitutions of Tyr to His at position 1, Ala to Val at position 2, Gly to Ala 
at position 1 5, Met to Leu at position 27, and Ser to Asn at position 28 using 
the Altered Sites II in Vitro Mutagenesis System (Promega, Madison, WI, 
USA) and cloned into the BamHl/HmdlU sites of pSK-GHRH. The GHRH 
cDNA is followed by the 3' untranslated region of GH. 

Animals. Thirty-two primiparous Holstein cows, 18 to 20 months of age, 
with an average weight of 547 ± 43 kg, were treated with 2.5 mg pSP-HV- 
GHRH once during the last trimester of gestation and designated as the 
treated group. Similarly, 20 pregnant heifers from the same source and of 



the same breed and age did not receive plasmid treatment and served as 
controls. Animals calved at age 23 months ± 24 days. Cows were housed in 
a free-stall barn fitted with fans equipped with water misters for evaporative 
cooling and exposed to natural daylight. The herd was fed a silage-based 
total mixed ration ad libitum twice daily. Each cow was fitted with a 
transponder/pedometer that allowed for automatic identification upon 
entering the stall. At the conclusion of this experiment, all animals treated 
with plasmid were disposed of in such a manner that their tissues did not 
enter the food chain. All milk and tissues produced by treated animals were 
destroyed and did not enter the human food chain. Animal protocols were 
conducted in accordance with the National Research Council's Guide for the 
Care and Use of Laboratory Animals. 

Intramuscular injection of plasmid DNA. The endotoxin-free plasmid 
(Qiagen, Inc., Chatsworth, CA, USA) preparation of pSPc5-12-HV-GHRH 
was diluted in water to 5 mg/ml and formulated with poIy-L-glu tarn ate 1% 
wt/wt. Cows were given a total quantity of 2.5 mg pSP-HV-GHRH 
intramuscularly in the trapezius muscle using a 21-gauge needle (Becton- 
Dickinson, Franklin Lakes, NJ, USA). Two minutes after injection, the 
injected muscle was electroporated, 5 pulses, 1 A, 52 ms/pulse, as described 
[49]. The voltage changes with the change in resistance of the tissue during 



TABLE 4: Combinations of mAbs used in three-color FC to determine the composition and frequency of different populations 

of peripheral blood mononuclear cells and the functional status of CD4 and CD8 aft T-cells and 78 T-cells 

Gating strategy used to obtain data on cell subsets 

(1) Analyzed ungated to determine the frequency of the CD3~CD2 + cell 
population containing NK cells. (2) Analyzed with a gate on CD3 + T- 
cells to determine the frequency of CD2 + a£ T-cells, CD2 + 76 T-cells, 
and CD2~ 76 T-cells present in blood. 



mAb combination 


Specificity 


MM1 A 


CD3 


MUC2A 


CD2 


BAT76A 


CD2 


GB21A 


76 


ILA-11A 


CD4 


GS5A 


CD45R 


GC44A1 


CD45R0 


ILA-11A 


CD4 


CACT1 1 6A 


CD25 


GC44A1 


CD45R0 


CACTI 38A 


CD4 


CACTI 87A 


CD4 


CACTI 14A 


CD26 


GC44A1 


CD45R0 


7C2B 


CD8 


GS5A 


CD45R 


GC44A1 


CD45R0 


CACTI 1 6A 


CD25 


GC44A1 


CD45R0 


CACT80CA 


CD8 


BAT82AA 


CD8 


CACTI 14A 


CD26 


GC44A1 


CD45R0 


GB21 A 


76 


CACTI 1 6A 


CD25 


GC44A1 


CD45R0 


B29A 


CDS 


BAQ44A 


B 


DH59B 


CD1 72a 



Analyzed with a gate on CD4 to determine the frequency of CD4 + CD45R + 
naive and CD4 + CD45R + memory and CD45R0* memory T-cells present 
in peripheral blood. 



Analyzed with a gate on CD4 to determine the frequency of CD4 + naive 
and memory T-cells expressing the activation molecule CD25. 



Analyzed with a gate on CD4 to determine the frequency of CD4 + naive 
and memory T-cells expressing the activation molecule CD26. 



Analyzed with a gate on CD8 to determine the frequency of CD4 + CD45R + 
naive and CD4 + CD45R + memory and CD45R0 + memory T-cells present 
in peripheral blood. 

Analyzed with a gate on CD8 to determine the frequency of CD8 + naive 
and memory T-cells expressing the activation molecule CD25. 

Analyzed with a gate on CD8 to determine the frequency of CD8 + naive 
and memory T-cells expressing the activation molecule CD26. 



Analyzed with a gate on 76 T-cells to determine the frequency of 76 T-cells 
expressing CD25. 



Analyzed with no gates to determine the frequency of ap and 76 CD5 + 
T-cells, CD5 + and CDS" B-cells, and monocytes. 
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the electroporation (to maintain constant current), and it has been 
recorded to be between 80 and 120 V/cm. For all injections, 2-cm needles 
were inserted through the skin into the muscle. Animals were observed 
immediately after injection and 24 h later for any adverse effects at the 
electroporation site. 

Weight, body condition, and hoof scores. Before treatment, heifers were 
weighed on the same calibrated scale (Priefert cattle squeeze-chute 
connected to a Weigh Tronix 915A indicator and WP233 printer; Central 
City Scale, Central City, NE, USA) and randomly assigned to groups. Two 
independent dairy animal scientists (Texas A&M University), blinded to 
the treatment groups, assessed body condition scores prior to treatment, 
between 60 and 80 DIM, and between 100 and 120 DIM. Cows were 
scored by both observing and handling the backbone, loin, and rump 
areas [50], with possible BCS ranging from 1 (very thin cow) to 5 (a 
severely overconditioned cow). Hoof scores were measured prior to 
plasmid-GHRH treatment and at 60 DIM. Hoof scores included a 0 (no 
hoof problem) to 4 (severe hoof problem) evaluation of each foot. Each 
hoof was assigned an additional 2 points for abscesses eventually present 
(1 point) and the necessary treatments at any given time (1 point). 
Possible hoof scores ranged from 0 (no problem) to 24 (severe hoof 
problems at all 4 feet, abscesses, and intense treatment needed for each 
hoof). 

Complete blood counts and immune markers. Whole blood from all 
heifers was collected in EDTA and submitted for complete blood count 
analysis (Texas Veterinary Medical Diagnostic Laboratory, College Sta- 
tion, TX, USA) prior to treatment and at 18 and 300 days posttreatment. 
Hematology parameters included erythrocyte counts, hematocrit, hemo- 
globin, total leukocyte count, and differential leukocyte counts (neutro- 
phils, lymphocytes, monocytes, eosinophils, and basophils), platelet 
count, mean corpuscular volume, mean corpuscular hemoglobin, mean 
corpuscular hemoglobin concentration, and fibrinogen. 

Immune markers were assayed on all treated cattle and controls at 
days 0 and 18 and on 20 treated and 10 control cows at 300 days 
posttreatment. Analysis was performed by FC using monoclonal anti- 
bodies (mAb) developed in Dr. Davis's laboratory (Department of 
Veterinary Microbiology/Pathology, CVM, Washington State University, 
Pullman, WA, USA). Table 3 shows the immunoglobulin isotype and 
specificity of the mAbs used in the study. Table 4 shows the combinations 
of mAbs used in three-color FC to determine the composition and 
frequency of different populations of PBMC in peripheral blood and the 
functional status of CD4 and CD8 ap T-cells and -y6T-cells. As shown, two 
mAbs of the same specificity have been used in some combinations to 
increase the intensity of the fluorescent signal on CD4 and CD8 T cells. 
Ten milliliters of blood was obtained at the times indicated and processed 
for FC [51 1. The blood was lysed in Tris-buffered NH 4 C1, washed in 
phosphate-buffered saline containing acid citrate dextrose (PBS/ACD), 
and then distributed in 96-well conical bottom tissue culture plates 
containing the different combinations of mAbs. The cells were incubated 
for 15 min on ice, washed 3x in PBS/ACD, and incubated another 15 min 
with different combinations of isotype-specific goat anti-mouse anti- 
bodies conjugated with fluorescein, phycoerythrin, or phycoerythrin-Cy5 
(Southern Biotechnology Associates, Birmingham, AL, USA; Caltag 
Laboratories, Burlingame, CA, USA). The cells were then washed 2x and 
fixed in PBS-buffered 2% formaldehyde. The cells were kept in the 
refrigerator until examined on a Becton-Dickinson FACSort equipped 
with CellQuest software. Data were analyzed on Flow Jo (Tree Star, Inc., 
San Carlos, CA, USA) and FCS Express (De Novo Software, Thornton, ON, 
Canada) software. Unless otherwise stated, data are presented as percen- 
tages of the total population assayed with a particular monoclonal 
antibody or combination thereof (e.g., total CD4 + and CD4" cells 
represent 100% of cells assayed; total CD2 _ CD3 _ , CD2"CD3 + , 
CD2*CD3", or CD2 + CD3 + represent 100% of cells assayed with both 
CD2 and CD3 antibody, etc.). 

Biochemistry and insulin measurements. Serum samples were collected 
at 60 and 100 DIM. Serum was aliquoted for radioimmunoassay and 



biochemical analysis and stored at "80°C prior to analysis. Biochemical 
analysis occurred within 48 h after serum collection (Texas Veterinary 
Medical Diagnostic Laboratory). Serum biochemical endpoints included 
alanine aminotransferase, 7-glutamyltransferase, creatine phosphoki- 
nase, total bilirubin, total protein, albumin, globulin, blood urea 
nitrogen, creatinine, phosphorus, calcium, and glucose. Insulin and 
IGF-I assays were performed within 90 days after serum collection. 
Samples were analyzed for glucose and insulin levels by an independent 
laboratory (Texas Veterinary Medical Diagnostic Laboratory). AH samples 
were analyzed in the same assay. The assay variability was 3.6% for the 
insulin assay and 4.4% for the glucose assay. Total proteins were 
measured using a Bio-Rad protein assay kit on the serum samples (Bio- 
Rad Laboratories, Hercules, CA, USA). 

Radioimmunoassay for IGF-I . Serum IGF-I was measured using a 
heterologous human immunoradiometric assay kit following the 
manufacturer's protocol (Diagnostic System Labs, Webster, TX, USA). 
The kit employs an extraction step to remove binding protein 
interference. All samples were run in the same assay. The intra-assay 
variability was 4%. Cross-reactivity of human IGF-I antibody for bovine 
IGF-I is 100%. 

Statistical analysis. Data consisted of repeated measures at different time 
points with unequal allocation of experimental units to treatment groups 
(treated n = 32, controls n = 20). Additional comparisons were performed 
when a significant (P < 0.05) treatment x day interaction was detected. A 
mixed model using SAS (analysis of simple main effects) was used to 
examine if there were any significant differences among the groups of 
each variable at different time points. Categorical data, such as culling 
rate and hoof problems, were analyzed by ANOVA. Data were coded with 
numerical values such that ANOVA could be performed. The total hoof 
score for each animal was used in the analysis of this parameter. For 
mortality rates, we developed an equivalent scoring system: alive = 1, 
dead = 0. Serum IGF-I was analyzed by ANOVA for repeated measures. 
Values compared with Student's t test, ANOVA, or linear regression are 
presented under Results, with P < 0.05 taken as the level of statistical 
significance. 
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